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Cloning and Characterization of Fetal Liver Phosphatase 1, a Nuclear 
Protein Tyrosine Phosphatase Isolated From Hematopoietic Stem Cells 

By Mercedes Dosil. Neville Leibman. and (hot R. Lemischka 



We report the isolation of cDNAs encoding protein tyrosine 
phosphatases (PTPs) from highly purified hematopoietic 
stem eell populations. One such cONA encodes a novel PTP, 
designated fetal liver phosphatase 1 (FLP1), which consists 
of one PTP domain followed by a carboxy terminal domain 
of 160 amino acids. Northern blot and in situ hybridization 
analysis showed that expression of FLP1 mRNA b restricted 
to thymus in 15.5-day-old and 17.5-day-oJd mouse arnbryos 
and to kidney and hematopoietic tissues In adult mice. Fur- 
thermore, polymerase chain r« action- based analysis shows 
that FLP1 is expressed in hematopoietic stem cells as well as 
In more mature hematopoietic cells. Peptide antlsera against 
FlPt imrnunoprecipHated a 48-kO protein that is localized 
In the nuclei of 8a/F3 lymphoid cells* We have analyzed the 
effects of overexpressing either wild-type FLP1 or a function- 

THE HEMATOPOIETIC system continuously produces 
at least eight different blood lineages. 1 * At the center 
of this system is a population of hematopoietic stem cells 
that can both self-renew and produce committed progenitors 
for all blood cell lineages. Traditionally, hematopoietic stem 
cells have been studied as activities either by transplantation 
contexts or in complex in vitro culture systems. Recently, 
efforts in a number of laboratories have yielded procedures 
for the purification of stem cells from adult bone marrow 
and fetal liver. 3-6 Thus, it has become possible directly to 
analyze the mechanisms that control stem ceil behavior and 
identify the molecules that regulate self-renewal and com- 
mitment decisions. 

Hematopoietic cells are regulated in pan by polypeptide 
factors and their cognate receptors. Although several hema- 
topoietic receptors are protein tyrosine kinases, the majority 
of hematopoietic growth factor receptors belong to a large 
cytokine receptor superfamily that does not have intrinsic 
kinase activity. Nevertheless, ligand binding to cytokine re- 
ceptors generally leads to tyrosine phosphorylation of intra- 
cellular proteins.™ These phosphorylation events are regu- 
lated by the coordinated activities of protein tyrosine kinases 
(PTKs) and protein tyrosine phosphatases (PTPs). 

Both PTKs and PTPs are encompassed by large and di- 
verse families of transmembrane and intracellular molecules. 
In the case of the FTP family,**" each member contains at 
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ally inactive mutant of FLP1 i n hematopoietic cells. In the 
progenitor K562 cell fine, colls ectopicalh/ expressing func- 
tional FLP1 c&fferentiated normally to megakaryocytes after 
induction with tetradecenoyl phorbol acetate (TPA). In con- 
trast when K5€2 transfectants expressing an inactive mu- 
tant FLP1 protein were treated with TPA, the characteristic 
ceU spreading and substrate adhesion that accompany meg- 
akaryocyte differentiation did not occur. We show that in 
these cells, the Induction of the differentiation marker a^fi, 
is not affected. However, both constitutive and TPA- induced 
expression of a 2 Integn'n, a late megakaryocytic marker, are 
inhibited. These results suggest that the expression of an 
inactive form of FLP1 affects late signaling events of K562 
megakaryocyte differentiation. 
© 19$€ by The American Socimty of Hematology. 

least one catalytic domain of approximately 250 amino acids 
that is characterized by the conserved signature motif (1/ 
V)HCXAGXGR(S/T)G. Within this sequence there is an 
invariant cysteine residue essential for catalytic activity. The 
overall structure of receptor-like PTPs contains an intracellu- 
lar segment with one or two phosphatase domains, a single 
transmembrane domain, and a variable extracellular segment 
with putative ligand binding activity. Intracellular PTPs pos- 
sess a single catalytic domain flanked at either the amino or 
carboxy terminus by unrelated sequences of variable length. 
Some of these noncatalytic sequences include Src homology 
2 (SH2) domains; segments of homology to the cytoskeletal 
protein band 4.1 or to lipid binding proteins; motifs that 
direct association with intracellular membranes; and se- 
quences rich in proline, serine, threonine, and acidic residues 
(PEST sequences).**' 1 

Despite the large number of PTPs identified, relatively 
little is known about their biologic roles and mechanisms of 
action. Two of the best studied PTPs, the cytoplasmic SHPI 
(also called HCP, PTP1C. or SH-PTP1) and the receptor- 
like CD45, are predominantly expressed in hematopoietic 
tissues and are known to play pivotal roles in hematopoie- 
sis.' 2 *' 4 Naturally occurring mutations in the SHPI gene are 
the cause of the severe hematopoietic disorder in motheaten 
mice ,z - u and gene-targeted mutations in CD45 block T-cell 
maturation. 13 

Because PTPs reverse the action of PTKs, including 
growth factor receptors and oncogene products that stimulate 
proliferation, it may be predicted that they transmit growth- 
inhibitory signals. Consistent with this idea is the function 
of SHPI, which is known to downmodulate signals mediated 
by imerleukin-3 (IL-3). 16 erythropoietin. 17 interferon,' 1 B- 
cell antigen receptor," and CD22. 20 Alternatively, PTPs may 
induce growth. This has been shown in the case of CD45, 
which is a positive regulator in antigen-stimulated prolifera- 
tion of T lymphocytes. 13 Other PTPs are known to have roles 
in processes other than cell proliferation. Examples of these 
are PTP* and PTP/x, two receptor-like proteins implicated 
in regulating cell adhesion, 210 and PTP- B AS, an intracellu- 
lar PTP that inhibits apoptobc signals mediated by the FAS 
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receptor « For many PTPs that have unique structural fea- 
mres or that like the PEST^ontaining PTP S . consrWsuo- 
fam.hes w.th „o .deniable functional motifs, the bio.ogk 
functions sttll remain largely unknown 

eoc cell,.*" Howe W . the 1maioBai mlts Qf ^ ^ 

I™ b,olo f ar t unc,ear - w <= report the identification 
of PTPs expressed ,„ h.ghjy purified stem cell populations 
using a poJymerasechain reaction (PGR) cloning approach 
~ h 1 SCqUenCCS WCre i^ntined. Expression 

a nd? at ,'^ r at0P ° ,ClIC $,Cm CeUSl P ,uri P««" progenitors, 
and mamre hem a ,opo,et,c populations have been analyzed 

One novel PTP. designated fetal liver phosphatase 1 (FLPI) 
has been characterized. FLPI is a nuclear protein w.th smic- 
rural sim.lanoes to PEST-contai„i„g PTPs. It is primarily 
expressed ,n primitive and more mature hematopoietic ceHs 
^have analyzed ,he effects of overexpressing^.her 31 
type FLPI or a funcQonally inactive mutant of FLPI in 

a Sv, T 0 ^"^ ' ineS - *>«*"««» expression of 
a catalytically tnact.ve mutant of FLPI in hematopoietic 

adhesion dunng ,„ v,tro megakaryocyte differentiation. One 
mechamsm for th,s effect might be a dow„ rcg ulation of CTj 

dunne n ,^H^ SS1 ° n and inhibiti ° n ° f "> > MC S™ 
during the differentiation process. 
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MATERIALS AND METHODS 

SiZ'LT'T 0 "- C51BU6 miCe Were used in »" experiments 
Stem cell punficauons have been described previously |„ ta ef 

^, a ,,on (day-,4) feu, liver cel.s were 'frLionaLl into AA4 " 

pos.Lve by .mmunopannmg. The cells were stained with fluorescein 

^STw^Sf^^ ,inease (Lin) • 

S£ Fo?£ y Wre P ,aVidi "- AP C (Molecular Probe,. Eugene 
a fLT£ ""T — "est fractionated by 

a Bcoll dens.ty gradient « 1.007). and lineage negative or low 
«."."8 «l.s (Lin-) were obtained by magnetic £ZZ £ 
annra, IgC-coated magnet* beads (Dynalab Rochester. NY) after 

wI'pI amr^r^t'" COCk,i,iL ^ — r — i*S 
Xav 9 fe tu ^ y *>,o.,ny| aI ed ami-c-Kit. Yolk sac cells from 

f < I 077 T7 ^ SePaR1,ed "* *■»»«'•»«"»» gradient of Percoll 
(< 1077). Nonadherent cells were immunopynned with AA4 I am 
body and stained with FITC-labeled w£ , L 
(F7TC-WGA - <5i„ m , . • f^T ' serm "emaglutinin 

analL a^' ° U,S - MO) ' For P"""«*>« three-color 
fCnjZ ^ r" m i, Wrre P**™™* "Sing an Epics 753 dye laser 
(Coulter H.aleah. FL) flow cy.ome.er. All antibodies were ouT 

"T*-* (San Die *»- CA) except TE^-m" ^ 
of Dr T. Kma, Kyoto Universiry. Kyoto. Japan) P 

Ju^ZT ° fPTF cDNA **°«f<"» >»«r Hvnotopoietic st m 

r^Si • c ; A • ^ fe,aI Uver w » f-rf°™ed 

„^ Synthes,s of cD NA was performed using Superscript 
1 transcriptase (C1BCO BRJ_ Grari l.lani NY1 

c!Z^ P " " d6SCribed b y MatAews e. aL a The ey- 
and 7^'!"^ fo ' 30 37-C for 30 seel*. 

XfZ^ * 0thcr c °™P°<>ents at midpoint were 

c^eT^ A f P " fied CDNAS With around 300 bp^ere ,ut 
Coned ,„» psport. (GIBCO BRL) d,ro ugh , J*^ ^ 



^ora^ u«o the oligonucleotides. Bacterial B^fonnanu were 
weened for the presence of «k appropriately sized inserts and ran- 

we^^w^ daU , baSC - I " divid, " d ci0 "« corresponding 
1^7?^ f »d used as probes for sequentially screening 
a total of 300 colonies. For FCR expression analysis, total RNA 

«d £ cdnT york > ^ ^ ce " 

m 53 "" heS ' S U4ins °»8<*m primer and PCR ampUnca- 
nonw,,h degenera.e PTP primers. Cycling parameters were , £S 
»■ 94 C. 2 mmu.es at 4TC. and 3 minutes at 72"C for 48 cycles 

a« r o F r e T°^ the : e * Cri0n miXmm -reelectrophoresed onT^" 
agarose gels. Southern bleated, and hybridized to "P-Iabeled DNA 
protocorresponding to the different PTPcDNAs isolated from fend 

r C £l°£ S - AmP,ified CDNAS WCre « <°>"»*s 
ZZTTT WOT ' nClUded 111 Wauons. Results were 
aJways venfied us.og .ndependently S ynthes lie d cDNA templates 

h*T"? Pa,ttn,S f0rFU>I - ^ DEP -« *«« corrobo- 
«rt by Southern b.o. on DNAs from eDNA .ibraries of differeTt 
hematopoietic populations. 

J?7?a ^ U '~ cn ' £M ""W'rizotUm of FLPI cDNA. Fe.aJ 
_ r AA4J « ,U WCTe <"«i«««l from a large number of day- 14 
mouse fetuses. RNA from these cells was punned by the guanidi- 

Z Ll , Umn . P,O,0CO,J - F0f CDNA Syn,hesis and Zoning into 

(GiB^RLf^ 1 - "'r 1 Superserip ' pias ™ d » 

(GIBCO BRL). The resulimg directional library had an average 
-nser, stze of , .„ 2 ko an d an imtiaI complexi ^ f 5 x 

.hTlsa^ n prTr mbinant Cl<meS ° f ,ibRU > were «reen«i with 
' PCR fragment encompassing pan of the FLPI catalytic 

Tvi J? 0 C °T Cto0eS enC ° dinS f ° r amino Potions 9 8 
to 452 and ex.end.ng ,0 the 3' end of the mRNA were isolated 

IT e °" deS com5S P°" d ine «o nucleotide positions 

exld t^e, , ^ 328 WOT » ^-specific pn^ers to 

RACE ,o . NA .: n a,e 5 ' direC,i ° n by » in * ' he 3'-Apli«lnder 
RACE K,t (Clontech. Palo Alto. CA). The .emplate for the amplifi- 

2 7 ^ .™*<*-**** cDNA (Clontech). Indepen- 

dent ly amp „ fi ed cDNA fragments were sequenced and two cong- 
ous sequences of 1J560 bp (FLPI A) and 1.478 bp (FLPIB) were 

ctn'rmt? e ^ D heW, ' City ° f C ° NA ™ 

ri^.Tn L PrimerS «*«P*«*»« «o nucleotide posi- 

kidney and feul hver AA4.I " cells. All DNAs were sequenced on 

n^U^/ ™ P ' CDNA SeqUenCe " und "CenBaS accession 
number US2523. The program PEST-FIND used for the search of 

AtorrA,^ bio, analysis and in situ hybridisation. Twenty micro- 
gn,™ o ttxal RNAs. iso^ted from a range of adult mouse" 
or cells l.nes by the method of Chomczynski and Sacchi " were 

^^^T2. ,Zat, ° n and wash '"8 conditions were as de- 
,« rlTr^ probe . fra 8 men ' encompassed amino acid positions 98 
«> 235. For companson. fihers were «riped and rehybridized with 
"pfZIZ \^ m *" U sense and antisense 

Jii T WeW 5ynthesized ^ protocols from a 

,W£I- P ' (StraU8ene - ^ JolIa - CA > P'«™» conuimog a FLPi 

* P ,as ™ d - *hiC contains a cDNA fragment of 

^erTIuibh r 2 . Pr0tem V"* ProVided by K L Sue »- Brystol- 
ita^LSKr^ Pt.ar~ceuo.cal Re*arch Instinite. Princeton. r7j). I„ 
^be2^ Panned essentially a, previously de- 

stctiotd^rTo Gree "- Briefly - ,i$Sues were ^««" 

swooned at 10 A«n. mounted onto polycationic slides, and refixed 

■n 4% paraformaldehyde in phc^phate-buffered saline solution Hy- 
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bndiauioo was performed a 5TX2 in the presence of ZS to 4 x 
; 10- cpm of P-labeled riboprobe per milliliter. PosthybridLtarion 
*^>«*g* included treatment with 20 of RNase A (Boehringer 
Mannhe.m, Indianapolis, IN) at 3TC for 30 minutes and two higb- 
stnngency washings at 65*C with 50% formarnioe (Sigma) 2x SSC 
(IX SSC is 0.15 moW. NaCl plus 0.015 mol/L sodium citrate) and 
100 mmol/L dithiothreitol (Boehringer Mannheim). After dehydra- 
don, slides were dipped into a solution containing 50% NTB-2 emul- 
sion (Eastman Kodak. Rochester. NY) and 1% glycerol, exposed at 
4*0 for 15 to 20 days, and developed. 

Antibodies and protein analysis. The ^-tubulin antibody was 
obtained from Oncogene Science (Uniondale. NY) and the a, inte- 
grin antibody used for immu nob lots was from Oiemicon Interna- 
oonal inc (Temecula, CA). The FLP] antibody EN 1 2 was generated 
by immunizing rabbits with a bacterially expressed gjutathione S- 
transferase (GST) fusion protein containing residues 182 to 405 of 
the FLPI protein. Two other polyclonal antibodies, BNI and R93 
against a bacterially expressed GST-fusion protein and a synthetic' 
peptide encompassing FLPI amino acids 277 to 441 and 327 to 345 
respectively, were generated. The specificity of these antibodies was 
determined by immunoprecipitation and Western blot on COS cells 
transfected with pSV-Sport plasmids (GIBCO BRL) encoding hem- 
aghiunm-tagged versions of the FLPIA and FLPIB isoforms. Their 
efficiencies were analyzed by comparison to the efficiency of the 
anahemaglutinin ami body (Boehringer Mannheim). All three anti- 
bodies immunoprecipitated FLPIA and FLPIB proteins expressed 
in COS cells and cross-reacted with a 45/48-kD endogenous protein 
in different hematopoietic cell lines. Antibody EN 1 2 was found to 
be more efficient in immunoprecipitation and immunoblorting of 
endogenous FLPI proteins. Nuclear and cytoplasmic extracts were 
prepared using the method of Dignam et al * and immunoprecipita- 
tions were performed as previously described." The resulting im- 
munecompIeKes were bound to protein A-Sepharose beads (Phar- 
macia, Ptscataway. NJ) and washed three limes with buffer A (10 
mmo!/L Tris-Cl [pH 8.0). 150 mmol/L Nad. 2 mmol/L EDTA 
0.2% Tnton X-100), once with buffer B (10 mmol/L Tris-Cl (pH 
8.0}. 500 mmol/L NaQ, 2 mmol/L EDTA. 0.2% Triton X-100) and 
once with buffer C (10 mmol/L Tris-Cl fpH 8.0]). The immunopre- 
cipitates were dissolved in sodium dodccyl Mil ft le-polyacryl amide 
gel electrophoresis (SDS-PAGE) sample buffer and fractionated ,n 
acrylamide gels. Western blotting was performed by transferring 
proteins onto nitrocellulose membranes using a Milliblot-SDE trans- 
fer system (Millipore. Bedford. MA). Membranes were incubated 
w,th the appropriate antibody in 5% bovine serum albumin Tris- 
Cl (pH 8.0). 0.9% NaO. When polyclonal antibodies were u^d 
immunoblots were subsequently incubated wiih ' I5 l-proeein A and 
autoradiographed with intensifying screens at -70°C. Blots incu- 
bated wuhanu-a-tubulin and anti-« : integrin monoclonal antibodies 
were developed using the enhanced chemiluminescence Western 
Wotting (immunoblotting) system (Amersham. Ariington Heights. 

• I'll f, U !T € ° NA lra ^f^ons. K562 cells were cultured 
in RPMl 1640 medium supplemented with 10% fetal bovine serum 
plus anubiotics. The murine IL-3-dependem cell line Ba/F3 was 
maintained in RPMI 1640 supplemented with 10% fetal calf serum 
and 10% Wehi-3B conditioned medium. The expression plasmids 
contained the intact FLPIA or mutant FLPIB-CS cDNA sequences 
cloned in the pBabc retroviral expression vector.* The single amino 
acid mutation (C to 5) in the FLPIA and FLPIB cDNAs was gener- 
ated using the Altered Sites II in vitro mutagenesis lot (Promega, 
Madison. WT). K562 and Ba/F3 cells were transfected by electropor- 
«on. In brief. 2XI0 4 cells were resuspended in 0.4 mL of culturing 
media and 20 M g of pBabe-FLPlA, pBabe-FLPl A-CS. or pBabe- 
FLP1B-CS linearised by digestion with Sea I and I pg of //mdlll- 
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digested pOKneo were added to the cell suspension. Cells were 
«posed to a 260-V pulse with a capacitance of 960 ^ using a 
Gene Pulser electroporator (Bic-Rad. Melville. NY). After a growing 
period of 24 hours in their optimal medium, transfected cells were 
r^r^TVf n, i CTOtiter P |at « «nd ^*cted in G4I8 (0.8 mg/mL; 
GIBCO). After 2 weeks, the cells were expanded as independent 
pools. Smgle^ell clones were obtained by limiting dilution and 
analyzed for protein expression. 

Determination of PTP activity. Enzymatic activity of FLPI im- 
mu noprecipitates from K562 clones overexpressing FLPIA FLPIA- 
CS. and FLP1B-CS was determined using a malachite green microti- 
ter-piate assay." Cellular Jysates from 50 X 10* cells were incubated 
with EN12 antibody and immunoprecipuaies were collected and 
washed as described above. Enzyme reactions were performed in 96- 
well plates in a final volume of 25 Substrates included tyrosine- 
phosphorylaled peptides TSTEPQpYQPGENL and RRIJEDAEp- 
YAARC (Upstate Biotechnology. Lake Placid. NY), corresponding 
to the C-terminal regulatory and autophosphorylation sites of c-sre. 
respectively. The immunoprecipitates bound to protein A-Sepharose 
beads were incubated at 37*C with 0.25 mmol/L peptide in 150 
mmol/L Tris-Cl (pH 7.4). 0.16% 2-mercaptoethanol. Reactions were 
performed for 10 to 15 minutes, were terminated by the addition of 
malachite green solution (Upstate Biotechnology), and were incu- 
bated for 15 minutes before the measurement of absorbance at 630 
nm. Time dependency was determined to ascertain that times of 
incubation fell within the linear range of the time course. 

Analysis of K 562 cellular differentiation. Eryihroid differentia- 
tion was induced by adjusting logarithmehcally growing cells to 36 
Mmol/L cytosine arabinoside (AraC). After 5 days, the cells were 
stained with benzidine solution as described." Megakaryocyte dif- 
ferent.at.on was induced with 0.17 M mol/L tetradecanoyl phorbol 
acetate (TPA) and assessed by cellular morphology, cytochemical 
stainmg. cellular adherence. Western blot analysis with a 2 integrin 
antibody (Chemicon, Temecula. CA). and flow cytometry analysis 
wth FTTC-labeled CD4 1 b (a (D j?, ) and CD49b (<x ? integrin) antibod- 
ies (Pharmingen). 

RESULTS 

Ideniification of FTP cDNAs pressed in hematopoietic 
stem celts. To identify PTPs expressed in murine hemato- 
poietic stem cells, we used PCR amplification with degener- 
ate oligonucleotides derived from conserved sequences in 
the tyrosine phosphatase domains. Template cDNA was pre- 
pared from AA4.1\ Lin"*\ c-JCit\ Sca-P cells isolated 
from m.dgestation (day- 14) fetal liver. This subpopulation 
is highly enriched in multipoint stem/progenitor activities 3 
Analysis of 1.300 PCR-amplified cDNA fragments showed 
13 different sequences that contained the hallmark residues 
found in all PTPs (Table 1). Database comparison showed 
that 8 of the isolated PTP fragments were identical to the 
munne cDNAs for LRP * HPTP/5, 40 CD45 41 SHP1 15 PTPT 
9« PTP IB/ 5 MEG2/* 4 and PTP-BAS> Two other se- 
quences showed high homology at the amino acid level (88% 
and. 91%) to the PTP domains of human HePTP* 8 and DEP- 
i, respectively, and therefore are likely to be their murine 
homologues. Similarly, two clones, PTPe-1 and PTP € -2. are 
likely to be related to PTPe because they are 85% and 86% 
homologous to the first phosphatase domain of human 
PTPc. One of the identified PTPs corresponded to a novel 
sequence, and was Darned FLPI. 

The expression patterns of all the PTP cDNAs isolated 
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Table 1. Type and Frequency of FTP cOfiA Sequences Isolated 
From Mouse CaO Populations Enriched for 
Hematopoietic Stem Calls 



Type 



Frequency (%)* 



Transmembrane 



LHP 


21 


PTP £ -1 


19 


HPTP0 


18 


C045 


12 


PTP<-2 


3 


tntracetlular 




HCP 


n 


PTPT-9 


5 


PTP IB 


4 


MEG2 


2 


PTP-BAS 


<1 


DEP-1 


<1 


He PTP 


<1 


Unknown 




FLPl 


<1 



PTP cONA sequences ware PCR -amplified using degenerate oligo- 
nucleotides specific for the conserved sequences of PTP catalytic do- 
mains. The DNA template was cDNA from AA4.V. Lin"**, Sca-1 *, c- 
Kit* fatal Fiver cell populations. 

* Percentage numbers are based on the relative abundance of each 
PTP sequence calculated by differential hybridization screening of a 
library of 1,300 individual PCR-derived colonies. 



from fetal liver stem cells were analyzed in different hemato- 
poietic populations. Our stem cell enrichment procedure de- 
lineates four cell subpopulations: AA4.K; AA4.1"; AA4. 1*. 
Lin"' 10 . c-Kit*. Sca-P; and AA4.I\ Lin" 00 , c-Kic\ Sca-1". 
As previously described, 3 the AA4. 1 *. Lin"'**, c-Kit + , Sea- 1* 
subpopulation contains the bulk of long-term reconstituting 
hematopoietic stem cells and muUipotent progenitors. Pro- 
genitor cells are also found in the AA4. 1 + and AA4.1 ~, Lin"**, 
c-Kit\ Sca-1" subpopulations. More mature progenitors are 
present in the AA4. 1 ^subpopulation. Two other sources of 
hematopoietic stem cells are adult bone marrow and day-9 
yolk sac. Bone marrow hematopoietic stem cells are defined 
as Lin"* 0 , c-Kit + , Sea- 1*. As for fetal liver, the Lin"*\ c- 
Kit*. Sca-1" subpopulation contains more mature progeni- 
tors." In day-9 yolk sac, the hematopoietic stem cells and 
muliipotentia! progenitors were enriched in a cell population 
defined as AA4.1*. WGA***, as previously described. 2 ' Be- 
cause of the small amounts of RNA obtained from these cell 
subpopulations, the expression of all the different PTPs was 
estimated by reverse transcriptase- PCR (RT-PCR) followed 
by Southern blot hybridization using the PCR-derived cDNA 
fragments as probes. Figure 1 shows representative examples 
of patterns of expression for some of the PTPs. The RT- 
PCR analysis showed that DEP-1 is expressed in stem cell 
subpopulations from bone marrow, but is barely detectable 
in yolk sac and fetal liver stem cell subpopulations (Fig 1). 
Two PTPs, PTPT-9 (Fig I) and PTP-BAS, were found to 
be expressed in the stem cell subpopulations from fetal liver 
and bone marrow but not from yolk sac. The remaining PTPs 
were detected in stem cell subpopulations from all three 



tissue sources. Moreover, PTP0, MEG2, and FLPl showed 
differential patterns of expression. As shown in Fig 1, PTP/? 
mRNA is present in all cell fractions analyzed, but its relative 
levels appear to be much higher in the fetal liver stem cell 
subpopulation (AA4.]\ Lin"**, c-Kjt\ Sca-1*) than in the 
AA4.P, Lin"'*. c-Kit*. Sca-1 ~, which lacks long-term he- 
matopoietic stem cells. MEG2 and FLPl were found in all 



Fetal 
Liver 



Yolk Bone 
Sac Marrow 



n r 



FLPl 




MEG2 




PTPP 




PTPT-9 





DEP-1 




He PTP 



Fig 1. Expression of PTPs in fatal liver, yoBc sec. and bona marrow 
subpopuiatfone. Preparation of subpopulations was as de s ci ib ed in 
the Materials and Methods. E x pr essi on was analyzed by RT-PCR fol- 
lowed by Southern blot hybridization with cONA fragments specific 
for each PTP. Template cOMAa are indicated above eeoh lane. 
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cell subpopulations isolated from fetal liver and bone mar- 
row (Fig- 1). However, in yolk sac, MEG2 and FLPI cDNAs 
are detected in AA4.1 \ WGA 1 *. which contains stem/pro- 
genitor cells but not in AA4.1*, WGA to , which is lacking in 
stem cells and primitive progenitor cells. 

The predicted amino-acid sequence of FLPI cDNA. The 
expression of FLPI in hematopoietic. stern cell subpopula- 
tions from both fetal and adult sources and its cell-lineage 
specificity in yolk sac prompted us to further analyze this 
PTP. To determine the primary structure of FLPI, a mouse 
cDNA library (constructed from day- 14 fetal liver AA4.1* 
cells) was screened with the PGR fragment corresponding 
to the FLPI catalytic domain. Because cDNA clones initially 
isolated from this library did not contain the complete coding 
sequence, overlapping cDNA fragments corresponding to the 
5' -end of the cDNA were isolated by PGR. To this purpose, 
oligonucleotides corresponding to FLPI nucleotide positions 
4 14 to 440 and 504 to 528 were used as gene specific primers 
to extend the cloned cDNA in the 5' direction, using as 
templates cDNAs from kidney and fetal liver AA4.1* cells. 
The intact sequence of FLPI (GenBank accession no. 
U52523) is shown in Fig 2. After sequencing several inde- 
pendently amplified cDNA fragments, we identified two dis- 
tinct cDNAs, FLPI A and FLPIB, that differed by the pres- 
ence (FLPI A) or absence (FLPIB) of a sequence in the open 
reading frame encoding a 24- amino acid stretch after residue 
at position 8 (Ftg 2). Although the sequence surrounding the 
putative initiator codon at nucleotide positions 64-66 does 
not conform well to the Kozak consensus sequence, there is 
a purine at position -3 that is an important requirement for 
an initiation site.*' The predicted sizes for the proteins en- 
coded by the FLPI A and FLPIB cDNAs are 452 and 428 
amino acids, respectively. Analysis of both sequences indi- 
cated the presence of a PTP domain located near the amino 
terminus, from residues 48 io 292, followed by a 160 amino 
acid-long carboxy terminal tail. The 66-bp 5'-untranslaied 
region contains an. in-frame stop codon at positions 13-15 
and the 144-bp 3 '-untranslated region contains a consensus 
polyadenylation signal. Comparison of the FLPI cDNAs 
with those available in the database showed an almost identi- 
cal sequence (GenBank accession no. U49853) that was re- 
cently identified by another group from hematopoietic pro- 
genitor cells. This cDNA is 99.8% identical at the nucleotide 
level to our FLPI A cDNA. and encodes for a 453 amino 
acid protein that is 98% identical to the FLPI A protein. 
Differences in both sequences include an amino acid change 
in position 11 and a stretch of amino acids (positions 362- 
367 of the FLPI sequence and 362-368 of the hematopoietic 
progenitor sequence) that are different in both cDNAs. At 
the present time, the authenticity and/or significance of these 
differences are unknown. 

Amino- acid sequence comparison of the catalytic domain 
with other PTPs showed that the closest relationships are to 
PTP-PEST (also named P19 or PTP Gl; 51%) and PEP 
(47%). PTP-PEST and PEP are intracellular PTPs character- 
ized by the presence of one catalytic domain at the amino- 
terminus linked to a large cart>oxy- terminal region that is 
rich in PEST sequences. 25 * 4 *" 52 The amino acid sequence 



alignment of FLPI „ PTP-PEST, and PEP with the structur- 
ally unrelated HCP and CD45 (Fig 3) shows that FLPI, PTP- 
PEST, and PEP constitute a separate subfamily of PTPs. 
PEP has recently been described to localize in the nucleus." 
A carboxy-terminaJ sequence of 12 amino acids has been 
shown both necessary and sufficient for nuclear localization. 
A very similar sequence is found at the extreme carboxy 
terminus of PTP-PEST. Comparison of the noncatalytic se- 
quences of FLPI with sequences in the data base showed no 
significant similarities except in the last 22 carboxy- terminal 
residues (underlined in Fig 2), which are 68% identical to 
the carboxy- terminal sequence of PTP-PEST. However, 
FLPI does not have subdomains containing PEST sequences 
found in PTP-PEST and PEP. The functions of PTP-PEST 
and PEP are unknown, but a recent report described that 
the phosphatase activity of PTP-PEST can be regulated by 
phosphorylation on Ser 39. 54 Interestingly, this Ser residue 
is conserved in the same location in both PEP and FLPI 
sequences (Fig 3). 

Expression of FLPI in mouse embryos, adult tissues, and 
ceil tines. The expression of FLPI in tissues of adult mice 
was examined by Northern blot analysis. As shown in Fig 
4 A, a major transcript of 1.7 kb is readily detected in bone 
marrow, kidney, spleen, and thymus. This restricted distribu- 
tion is reminiscent of HCP. which is expressed in hematopoi- 
etic tissues, kidney, and lung. 25 To examine the levels of 
FLPI mRNA in different hematopoietic lineages, lymphoid 
and myeloid cell lines were analyzed (Fig 4B). FLPI expres- 
sion is relatively high in the thymoma line AKRI, the pro- 
B-cell line Ba/F3, the pre-B-cell line 70Z/3. the B-cell 
lymphoma WEHI-279, the leukemia line M2.4, and the mac- 
rophage lines RAW309 and WEHI-3. In contrast, FLPI is 
expressed at very low levels in the leukemia line D2N, the 
myeloblast line Ml, and the mastocytoma P8I5 and is virtu- 
ally undetectable in NIH 3T3 fibroblasts. In addition to the 
1.7-kb mRNA, a smaller FLPI mRNA species of 1.6 kb is 
present in the 702/3 and Ml cell lines. 

To examine the spatial distribution of FLPI mRNA in 
embryonic tissues, we performed in situ hybridization on 
sections from 15.5-day-oId (E15.5) and 17.5-day-old (E17.5) 
mouse embryos. As shown in Fig 5A. FLPI mRNA is readily 
detected in El 5.5 embryonic thymus and nasal epithelium. 
Much weaker signals are observed in kidney, fiver, and intes- 
tine. Analysis of EI 7,5 embryos showed that FLPI expres- 
sion continues at high levels in the thymus (Fig 5B). Glose 
examination of the in situ hybridizations shows that in both 
El 5.5 and EI 7.5 thymus the FLPI transcript is present at 
highest levels in cortical thymocytes (Fig 5C and D). 

Subcellular localization of FLFJ protein. To identify the 
FLPI protein in vivo, we generated polyclonal antibodies 
against a bacterial GST fusion protein containing residues 
183 to 405 of the predicted FLPI gene product. A rabbit 
antiserum elicited against this fusion protein efficiently im- 
munoprecipitates the FLPI polypeptide when transiently ex- 
pressed in COS cells (data not shown). Moreover, this anti- 
body specifically recognizes a single 48-kD protein in ly sates 
of pro-B Ba/F3 and pre-B 70273 cells (Fig 6A). which is 
equivalent with the molecular weight predicted from the 
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fig 3. Similarity of FLPl to 
other PTPs. Alignment of the 
amino add sequences of the cat- 
alytic domains of . FLPl. FTP- 
PEST, PEP. HCP. and CD46. Iden- 
trtJes between RJ*1 and the 
other sequences ere shaded. 
Gaps introduced for optimal 
alignment ere Indicated by hy- 
phens. The serine residue identi- 
fied as an inhibitory phosphory- 
lation site in PTP-PEST and 
serine residues conserved In 
similar locations in FLP1 and PEP 
are boxed. 



deduced FLPIA amino acid sequence. The FLP1 protein 
displays the same electrophoretic mobility in COS cells and 
m four mouse hematopoietic cell lines, the T-cell line EM. 
the myeloblast line Ml (Fig 6B). the mastocytoma line P8I5, 
and the macrophage line RAW309 (data not shown). How- 
ever, in the human leukemia line K562, the FLP1 polypep- 
tide shows a slightly smaller (45 kD) molecular weight, sug- 
gesting that, in these cells, the protein exists either as a 
different-size isoform or undergoes distinct postradiational 
modifications. 

Because the FLP1 sequence contains a putative nuclear 
localization signal similar to those present in PTP-PEST and 



PEP , wc examined the subcellular localization of the FLP1 
protein by immunoprecipitation and Western blot analysis. 
As a control, the nuclear and cytoplasmic fractions were 
incubated with antibodies against a-tubulin, a cytoplasmic 
protein. As shown in Fig 6C, the FLPl protein is localized 
mostly in the nucleus of Ba/F3 cells. 

Overexpression of wild-rypt and mutant FLPl proteins in 
K562 cells. To study the function of FLPl , we investigated 
the effects of ectopic expression of functional or nonfunc- 
tional FLPl protein in hematopoietic cells. As a first differ- 
entiation model, we used K562 cells. These cells have the 
potential to differentiate in vitro along two cell lineages. 33 - 56 
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Ftg 4. Expression of FIP1 in adult mouw tissues 
and c*fl lines. Total RNAs (20 fig) isolated from ths 
indicated tissues (A) and call lines IB) were electro- 
phoresed In a 1 JZ*U agarose-fonnakierfYde gel, trans- 
ferred onto nylon membranes, end hybridized to a 
FLPl cONA probe. The sizes of the FLPl transcripts p-aCtln 
are indicated by arrows. A mouse 0-actin probe was 
used as a control In the" same blots (lower panels). 



Treatment of K562 cells with hemin or AraC can induce 
erythroid differentiation. In contrast, treatment with TPA 
]eads to a macrophage-like morphology while inducing the 
expression of proteins associated with megakaryocytes. We 
first determined the pattern of FLP1 expression during differ- 
entiation of K562 cells by immunoblollot analysis on cellular 
extracts n on treated and treated with AraC or TP A. As shown 
in Fig 7, the FLPl protein is readily detectable in untreated 
cells and continues to be expressed during erythroid and 
myeloid differentiation. A slight increase in FLPl levels is 
observed after 7 days of treatment with TPA. 

We generated K562 clones overexpressing either the FLPl 
protein (FLPl - A) or nonfunctional mutants of FLPl derived 
by site-directed mutagenesis of the active Cys residue to a 
Ser residue (FLPl A-CS and FLPI-B-CS; Fig 8A). Retroviral 
expression vectors were constructed and electroporated with 
pGKneo into K562 cells. Individual clones were examined 
for protein expression, and four clones expressing high levels 
of FLPl A protein, four clones expressing high levels of 
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FLPl A-CS protein, and four clones expressing high levels 
of FLP1B-CS protein (Fig 8B) were selected for further 
studies. 

The PTP activity of the exogenous and endogenous pro- 
teins in the K562 transfectants was investigated by in vitro 
PTP assay. FLPl A, FLP1A-CS, or FLP1B-CS were coim- 
munoprecipitated with endogenous FLPl and incubated with 
a synthetic phosphoryrostne peptide containing the C- termi- 
nal phosphorylation site of c-sre. Dephosphorylarion was 
allowed to proceed and the extent of PTP activity was deter- 
mined using a malachite green colorimetric assay. As shown 
in Fig 8C, immunoprecipitates from the K562-FLPIA 
transfectants show a fourfold to fivefold increase in PTP 
activity relative to parental K562 cells. In contrast, the PTP 
activity to immunoprecipitates from K562 containing the 
mutants FLPl A-CS or FLP1B-CS is equivalent to the back- 
ground levels observed for the parental K562 line. These 
results indicate that the K562-FLPIA clones express func- 
tional FLPl protein and that, as previously reported for other 
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Fig 5. Expression of FLPI In 
mouse embryos. In situ hybrid- 
ization of saggital sections from 
E15.5 (A) and £17.5 (Bj embryos. 
The signals observed in the ros- 
tral area and periphery of the 
embryo on (B) are not reproduo- 
ible and ere Ukety to be the result 
of nonspecific hybridization, (C 
and D) High-power magnifica- 
tion of the thymus from sections 
shown in (A) and {&), respec- 
tively. 



PTPs, a single amino acid substitution (Cys to Ser in position 
229) abolishes enzymatic activity. The isolation of these 
transfectants together with the analysis of their growth rates 
and saturation densities (data not shown) indicated that over- 
expression of functional or nonfunctional FLPI does noi 
a/fect viability or proliferation of K562 cells. Similarly, we 
have observed that overexpression of FLPI A and FLPI B- 
CS does not affect the viability or growth- factor -mediated 
responses of Ba/F3 cells (data not shown). 

Analysis of erythroid and megakaryocyiic differentiation 
in K562-FLP/A. K562-FLPIA.CS. and K562-FLPIB-CS 
cell lines. The ability of K562 cells overexpressing FLPI A 
and mutant FLP1A-CS or FLPIB-CS to differentiate along 
the erythroid lineage was assessed by treatment with AraC. 
a potent cell division inhibitor. The percentage of benzidine- 
posibve cells was determined 5 days after induction. Our 
results indicated that elevated expression of functional or 
nonfunctional FLPI docs not affect the potential of K562 
cells to undergo erythroid differentiation (data not shown). 



Treatment of K562 cells with TPA increases cell-cell and 
cell-substrate adhesion and induces the expression of mem- 
brane proteins associated with the megakaryocyte lineage. 
To investigate whether K562-FLP I A. K562-FLP1 A-CS, and 
K562-FLPI B-CS clones are able to differentiate along this 
pathway, we analyzed morphologic, cytochemtcal. and cell 
adhesion changes after TPA treatment. The addition of TPA 
to parental K562 and K562-FLP1 A cells caused an immedi- 
ate growth arrest and differentiation to morphologically rec- 
ognizable megakaryocytes, with approximately 50% to 60% 
of the cells being adherent, over the course of 5 to 7 days 
(Ffg 9). Cells from all the clones overexpressing the mutants 
FLPI A-CS and FLPI B-CS also undergo growth arrest and 
initial changes consistent with megakaryocyte morphology, 
but, in contrast to parental and wild-type FLPI A- trans fected 
K562 cells, they contain considerably lower percentages (5% 
to 10%) of adherent cells. Moreover, they formed large cellu- 
lar aggregates after TPA treatment. These results suggest 
that the expression of a catallytically inactive FLPI protein 
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6. Identification and subcellular localization of the FLPl protein, (A) Identification of the FLPl protein in 70Z/3 and Ba/F3 certs. Cells 
wera lysod in ffiPA buff ar aod incubated with enti-FLPI antlsera. Tha resulting lmrriunoprecipHstes war* analyzed by 8% linear SOS-PAGE, 
transferred to nitrocellulose, and blotted with antMTJM antibody. filters were Incubatad with ^^-prota^ A and exposed to X-Omst films. Tha 
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Expression of FLFi protein in call lines. Lysatas from tha indicated call fines war* harvested and tha presence of tha FLPl protein was analyzed 
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negatively affects the adhesion properties of K562 cells dif- 
ferentiated along the megakaryocytic pathway. To investi- 
gate this further, we analyzed the modulation of the major 
platelet integrin or Ift j5, t a protein complex considered an 
early marker of megakaryocytic differentiation, whose ex- 
pression in K562 cells is markedly increased between days 
1 and 3 of exposure to phorbol ester. 5 ' Figure 10A shows 
the results of flow cytometry analysis of a tJ j3y expression 
before and after 3 days of TP A treatment Cell-surface ex- 
pression of a in J2) increased 15- to 30-fold in parental K562 
cells and in all transfectam clones, indicating that induction 
of a tn j3i is not affected by overexpression of wild-type or 
mutant FLPl. We next analyzed the expression of a 2 inte- 
grin. The a-tffi integrin complex serves as a cell surface 
receptor for collagen-on platelets and other cells. Elevated 
expression of a^i accompanies megakaryocytic differentia- 
tion. In K562 cells, the induction of a 2 integrin expression, 
which occurs between 3 and 5 days of exposure to phorbol 
dibutyrate. seems to be implicated in the final steps of mega- 
karyocyte differentiation. 37 Flow cytometry analysis showed 
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Fig 7. W astern Mot analysis of protein extracts before and after 
treatment of K562 ceils with AraC and TP A, CeOuUr extracts were 
prepared and expression of FLPl protein analyzed at described in 
Fig 6. The time of treatment with the inducers and the position of 
tha FLPl protein are Indicated. 



that the levels of a 2 integrin in untreated cells are lower 
in K562-FLPIA-CS and K562-FLPJB-CS clones than in 
parental K562 and K562-FLP1A cells. Furthermore, the in- 
duction of a 2 integrin expression after 4 days of TP A treat- 
ment is remarkably higher in the parental line K562 and all 
K562-FLP1 A clones than in the K562-FLP1 A-CS and K562- 
FLPIB-CS clones (Fig 10B). Western blot analysis on pro- 
tein lysates from K562. K562-FLP1A. and K562-FLPIB- 
CS also showed the decreased ability of cells expressing a 
catallytically inactive FLPl protein to induce a 2 integrin 
expression (Fig IOC). 

DISCUSSION 

The above studies were aimed at identifying the spectrum 
of PTPs that are expressed in hematopoietic stem cells. A 
comparable approach was previously successful in our labo- 
ratory for the isolation of PTKs from hematopoietic stem 
cells. 30:12 Twelve known PTP sequences and one novel PTP 
sequence were identified. Based on previous studies, it was 
anticipated that cDNA clones for hematopoietic- specific 
PTPs such as CD45, HCP, or HePTP would be obtained. 
Other expected cDNAs were PTPs widely expressed or 
known to be present in hematopoietic cells. These included 
LRP, PTP*. PTP IB, DEP-1, MEG2, PTPT-9. and PTP-BAS. 
However, it was not expected that the murine homolog of 
HPTP£ would be present at high frequency in our amplified 
populations. HPTP/9 is a receptor-like PTP that contains an 
array .of fibronectin type in repeats in the extracellular do- 
main. The gene encoding HPTTP0 was originally cloned from 
human placenta 40 and mouse brain, 5 * and its pattern of ex- 
pression in other tissues has not been reported. Interesting] y, 
when we examined the distribution of mouse PTP/? in differ- 
ent hematopoietic populations, we found that this PTP is 
expressed in a fetal liver population highly enriched for stem 
cells but is hardly detectable in a population that lacks 
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Fig 8. Generation of K562 
cells rLabty expressing func- 
tional end nonfunctional FLP1 
proteins. (A) Schematic repre- 
sentation of the proteins corre- 
sponding to intact FLP1 (FLP1A) 
end nonfunctional mutants of 
FIP1 (FUMA-CS end FLP1B-CS). 
(8) Expression of FLP1A, FLP1A- 
CS. and FLP1B-CS proteins tn In- 
dependent K562 transfectant 
clones. Parental K562 and calls 
staoh/ trsnsfected with pBebe- 
FLP1A. pBe*>»f-U>1A-CS # end 
pBabefLPlB-CS were lysed. Pro- 
tein rysates went quatitttated 
and FLPl proteins were imrmt* 
nopreopftated and analyzed by 
immunoblot wrth^antt-HJM mntH- 

(CI PTP activity of 'FCPV 
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multipotent stem cells. Given that the presence of fibrooectin 
III motifs has been related to functions in cell adhesion 59 
and contact inhibition of cell growth, 47 PTP0 may be a candi- 
date for mediating interactions between hematopoietic stem 
cells and other cellular or extracellular matrix components 
of the fetal liver. 

The remaining PTPs identified in our screen were found 
to be expressed in all fetal liver and bone marrow cell popu- 
lations analyzed. Two PTPs. MEG2 and FLPI. were differ- 
entially expressed in yolk sac subpopulations. Both MEG2 
and FLP1 mRNAs are present in the yolk sac fraction con- 
taining stem cells but not in the fraction devoid of stem cells. 
In this report, we describe the cloning, expression analysts, 
and functional characterization of FLPI . We show that FLPI 
RNA is preferentially expressed in day- 15.5 and day- 1 7.5 
fetal thymus and in a limited number of adult organs, includ- 
ing kidney and hematopoietic tissues. These results suggest 
that this PTP is likely to have a function regulating tyrosine 
phosphorylation events specific to hematopoietic cells. Some 
clues about such function were provided with the character- 



ization of FLPI as an intracellular PTP that contains a short 
N-terminal domain followed by one PTP domain and a C- 
terminal segment with a putative nuclear localization signal. 
Our subcellular fractionation experiments show that the en- 
dogenous FLPI protein is localized in the nucleus of Ba/F3 
cells. Two previously identified PTPs, named PEP and PTP- 
PEST, contain structural motifs and Localization signals 
similar to those found in FLPI, suggesting that these three 
proteins constitute a separate subfamily of PTPs. PEP is 
primarily expressed in hematopoietic tissues 25 and is local- 
ized to the nucleus." PTP-PEST is widely distributed and 
has been recently reported to reside in the cytoplasm. 49 - 50 - 52 
Trie reason for the difference in the subcellular localization 
of these proteins, which have similar targeting motifs, is 
unknown, but may reflect the existence of regulatory mecha- 
nisms that control their location in a cell- type or activation- 
state -dependent manner. It is also interesting to note that 
FLPI, PTP-PEST, and PEP contain unique C-terminal do- 
mains with no significant homologies to known sequences 
or polypeptide motifs. Furthermore, whereas in PEST and 
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PEP the C-tennina] noncatalytic domains arc approximately 
500 amino acids long and contain sequences rich in proline, 
glutamic acid, serine, and threonine (PEST sequences), in 
FLP1 the C-terroinal segment is relatively short (-160 
amino acids) and does not contain PEST subdomains. These 
differences in the C-terminal domains of FLP1. PTP-PEST. 
and PEP may reflect distinct regulatory mechanisms or sub- 
strate specificities. Additionally, because PEST sequences 
are characteristic of rapidly degraded proteins, the C-termi- 
nal domains of PTP-PEST and PEP could be implicated in 
conferring rapid turnover rates to the proteins. However, 
both PTP-PEST and PEP have been reported to have long 
half-lives 49 -"; therefore, the role(s) of their PEST domains 
remains to be established. 

In addition to restriction in expression or confinement to 
a particular subcellular localization, the functional specificity 
of PTPs is likely to be controlled by regulation of the PTP 
enzymatic activity. A regulatory mechanism thai modulates 
the catalytic activity of several PTPs is phosphorylation. 60 - 6 ' 
One such PTP is PTP-PEST, which was recently reported 
to be regulated by serine phosphorylation, A serine residue 
at position 39 has been identified as a major inhibitory phos- 
phorylation site on PTP-PEST in vivo after protein kinase 
A (PKA) activation. 13 Interestingly, serine residues are con- 
served in similar locations in FLP1 (position 37) and PEP 
(position 35), although, in the case of FLPI, the serine is 
not part of a consensus PKA phosphorylauon site. Other 
putative sites of phosphorylation include S47. T57, T172, 
S3 19. and T329, which have the hallmarks of protein kinase 
C (PKC) phosphorylauon sites, and S 10. Till, SI 94, S202, 
T209, T295. T373. and S413, which possess the minimum 
requirements for phosphorylation by casein kinase II. Further 
experiments are required to resolve whether FLPI is phos- 
phorylated in vivo. 

A second regulatory, mechanism of FLPI enzymatic activ- 
ity could be the existence of protein isoforms with sequence 
differences within or "adjacent to the PTP domain. The pres- 
ence of multiple proiei« isoforms with variable sequences 
within the PTP domain has been previously described for 
other PTPs, including LRP," LAR, PTP£, PTPct." and PTP- 
PEST. 50 Jt The functional significance of these differences is 
not known. In fetal liver and kidney, we found two FLPI 
cDNAs that differ in the presence or absence of a 24 amino 
acid insert located in the N-terminat segment of the protein. 
Moreover, using PCR, we have identified two other FLPI 
variants in kidney with different sequences within the PTP 
domain (unpublished results). Interestingly, one of these 
variants predicts 29 additional amino acids after position 93. 
a location where HCP also contains additional residues in 
comparison to other PTPs (Fig 3). Furthermore, in most of 
the cell lines analyzed, the FLPI molecular weight is -48 
kD, which is equivalent to that predicted for the FLPI A 
isoform, but in K562 cells the protein is —45 kD, which is 
more consistent with protein sizes encoded by smaller FLPI 
variants. These results indicate that FLPI may have many 
different isoforms with distinct expression patterns. We are 
currently investigating this issue. 

To study the function of FLPI, we investigated the effects 



of ectopic expression of functional or nonfiuictional FLPI 
proteins in Ba/F3 and K362 cells. Ba/F3 are immature 
lymphoid cells completely dependent on IL-3 for prolifera- 
tion 43 and K562 are multipotem hematopoietic cells with the 
ability to differentiate in vitro into erythroid and myeloid 
lineages. 30 46 These cell lines therefore provided appropriate 
cellular backgrounds to analyze the role of FLPI in prolifera- 
tion, growth factor dependence, mitogenic stimulation, and 
ability to influence differentiation pathways. No significant 
effects on cell proliferation were observed in the Ba/F3 and 
K562 cells overexposing wild-type or mutant FLPI. Con- 
sistent with this finding, arrested K562-FUP1A and K562- 
FLP1B-CS cells undergo normal cell cycle progression after 
mitogenic stimulation (unpublished results). Similarly, we 
did not detect trajisformed phenotypes or any alterations in 
the proliferative properties of NIH 3T3 ceils overex pressing 
wild-type or mutant FLPI protein (unpublished results). 
Taken together, these results suggest that FLPI is not directly 
involved in growth inhibition or mitogenic activation re- 
sponses. 

. To gain further insight in the FLPI biologic function, 
we explored whether deregulated FLP1A, FLPIA-CS. or 
FLPIB-CS protein expression had any effects on erythroid 
and myeloid differentiation of K562 cells. After treatment 
with AraC parental K562 and all transfectant K562-FLP1 A, 
K562-FLP 1 A-CS, and K562-FLP1B-CS ceils underwent 
growth arrest and induced hemoglobin synthesis at similar 
levels. This suggests that FLPI is not directly involved in 
the signaling pathways that couple AraC growth inhibition 
with erythroid differentiation in K562 cells. Likewise, initial 
morphologic and cytochemical changes consistent with meg- 
akaryocyte differentiation occurred in ail transfectants after 
treatment with TPA. Interestingly, K562 cells expressing 
FLPI A-CS and FLPIB-CS showed decreases in the spread- 
ing and adhesive properties as compared with parental and 
K562-FLPIA cells. These results suggest that the ectopic 
expression of a cataJytically inactive FLPI protein might be 
inhibiting the changes in cell adhesion that occur during 
K562 megakaryocyiic differentiation and indicate that this 
is not an isoform-specific effect. In this respect, we showed 
that the endogenous and TPA-induced expression levels of 
a 7 integrin. a protein previously shown to be essential for 
binding of K562 cells to collagen substrates, 57 are compara- 
tively very low in the K562-FLP1 A-CS and K562-FLP1B- 
CS clones. One explanation for this may be that high levels 
of FLPI A-CS or FLPIB-CS protein inhibit cellular differen- 
tiation. However, this seems unlikely because all K562- 
FLPIA-CS and K562-FLP1 B-CS clones retain their abilities 
to undergo erythroid differentiation and to induce early meg- 
akaryocyte markers, such as the protein complex a^] . The 
ability pf K562-FLP 1 A-CS and K562-FLP 1 B-CS cells to 
undergo morphologic changes and induce early megakaryo- 
cytic markers also excludes a direct role for FLPI in the 
immediate signaling pathways initiated by protein kinase C 
after activation with TPA. Our results are more consistent 
with the interpretation that FLPI has a function in late signal- 
ing events of K562 megakaryocyte differentiation and that 
the expression of an inactive form of the FLPI acts in a 
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domiDant negative manner. Also consistent with a function 
in the final stages of megakaryocyte differentiation is the 
fact that FLP1 protein levels increase in K562 cells after 7 
days of TP A treatment. Because the expression of PTP- 
PEST is known to be induced during differentiation of PI 9 
cells. 50 it could be that PTPs of the FLP1 subfamily are 
generally implicated in Jate or terminal differentiation 
events. Alternatively, the effect of the FLPI mutants could 
be due to an ability to sequester substrates and act in a 
dominant positive manner, as suggested for similar mutants 
of other PTPs. 17 Another possible explanation is that FLP1 
could be involved in the regulation of specific genes, such 
as the at] Lntegrin gene, whose expression happens to increase 
during megakaryocytic differentiation. In this respect, nu- 
merous studies have shown that tyrosine phosphorylation 
events are directly implicated in transcriptional regulation in 
the interferon and other cytokine-mediated signaling path- 
ways.** 

In summary, our data show that FLPI , a novel PTP iso- 
lated from hematopoietic stem cells, is a nuclear PTP with 
restricted tissue distribution. Moreover, we provide evidence 
that expression of a nonfunctional FLPI protein can affect 
late signaling events and downmodulate the levels of a 1 
integrin during FC562 megakaryocytic differentiation. This 
has important implications for understanding the function of 
FLPI. Future work will lead to the identification of function- 
ally relevant domains and protein-protein interaction motifs 
in the FLPI protein and to the functional analysis of FLPI 
in cellular adhesion and terminal differentiation processes 
of hematopoietic cells. 
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